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SUMMARY
In Brazil, domestic dogs are branded as the primary reservoir for zoonotic visceral leishmaniasis, due to the clear positive 
correlation observed between human and canine infection rates. This study aimed to carry out a serological survey of canine visceral 
leishmaniasis (CVL) in dogs housed at a public kennel in the municipality of Juiz de Fora, Minas Gerais State, Brazil, using the 
immunochromatographic TR DPP® CVL rapid test. Additionally, conventional and/or real time PCR assay was used to detect and 
confirm L. infantum infection in the DPP positive dogs only. Of the 400 dogs studied, most did not present clinical signs for CVL 
(p < 0.05), and fifteen (3.8%) were seropositive in the DPP test. There was no statistically significant difference between the DPP 
seropositive dogs and the clinical signs of the disease (p > 0.05). Both conventional and real time PCR tests confirmed L. infantum 
infection in nine (75.0%) of the twelve DPP seropositive dogs that remained alive during the follow-up period. This study is the first 
seroepidemiologic survey of CVL held in the city of Juiz de Fora, and the results reinforce the idea that this disease is currently in 
a process of expansion and urbanization in Brazil. Furthermore, this study highlights the use of the DPP test as an alternative for 
diagnosing CVL in large and mid-sized cities, due to its ease of implementation.
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INTRODUCTION
Visceral leishmaniasis (VL) is a potentially fatal protozoan vector-
borne disease caused by the Leishmania donovani complex, and 
represents a serious risk to public health. This disease is endemic in 88 
countries with approximately 0.2 to 0.4 million cases each year in Europe, 
South America, Africa and Asia (ALVAR et al., 2012). Anthroponotic 
transmission caused by L. donovani is present in the Indian subcontinent 
and in Central Africa, and zoonotic transmission caused by L. infantum is 
present in the Americas, Mediterranean basin, Middle East and Central 
Asia, and parts of Africa (HARHAY et al., 2011, PALATNIK-DE-
SOUSA & DAY, 2011).
Among the countries of the Americas, Brazil accounts for the highest 
number of human VL cases and is the third largest VL focus globally 
(ALVAR et al., 2012; BELO et al., 2013). Despite having presented a 
typical rural and wild pattern of VL until the 80’s (WERNECK, 2008), 
current data show that the numbers have increased considerably, thus 
creating a new epidemiological profile, due to the spread of the disease 
to urban centers of the North, South and West regions of the country 
(JERONIMO et al., 2004; ROMERO & BOELAERT, 2010; HARHAY 
et al., 2011). In Brazil, domestic dogs are the main reservoir, and thus 
play an important role in the epidemiology of the disease, while foxes 
and other wild animals play a role in sylvatic transmission (DEANE, 
1956; QUINNELL et al., 1997; ROMERO & BOELAERT, 2010). 
There is a clear positive correlation between human and canine infection 
rates, so that diagnosing dogs represents an important step towards the 
control of VL (GRIMALDI et al., 2012). The Brazilian Ministry of 
Health recommends both the immunoenzymatic assay (ELISA) and 
the indirect immunofluorescence antibody test (IFAT) as the chosen 
tests for dogs screening and culling campaigns. However, the moderate 
sensitivity and specificity of these tests together with the complexity of 
their implementation have been cited as factors of limited impact for the 
control of CVL (HARHAY et al., 2011; BELO et al., 2013).
In 2008, the first confirmed cases of autochthonous CVL were 
provided by the “Secretaria Municipal de Saúde” de Juiz de Fora, Minas 
Gerais State, Brazil (unpublished data). However, no research on this 
infection in dogs was carried out in the city. Considering the relevance 
of CVL in the epidemiology of human disease, this work was aimed at 
investigating its occurrence in the city of Juiz de Fora. Diagnosis of CVL 
was performed using the colloidal gold-based immunochromatographic 
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TR DPP® kit. This is a commercial chimeric recombinant protein 
named K28, based on fragments of antigens of K9, K26 and K39 of the 
Leishmania donovani complex (GRIMALDI et al., 2012). Additionally, 
conventional and/or real time PCR were used to detect and confirm L. 
infantum DNA in DPP positive dogs.
MATERIAL AND METHODS
Study area: This work was carried out in the municipality of Juiz 
de Fora (21S14/42W14), Minas Gerais State, Brazil. This city is a mid-
sized urban center located 280 km from the State capital, Belo Horizonte, 
and 184 km from the city of Rio de Janeiro, which are considered to be 
endemic and of sporadic transmission to CVL, respectively (HARHAY 
et al., 2011).
Sample selection: This study comprised 400 dogs housed in the 
public kennel of Juiz de Fora, from December 2011 to July 2012. 
After immobilization of the animals, blood samples were collected by 
puncturing either the cephalic, brachial or jugular vein.
The samples were collected and distributed into tubes without 
anticoagulants to obtain serum after centrifugation (500xg for 10 minutes) 
or collected into EDTA for further PCR diagnosis. In this case, after 
centrifugation of the blood samples at 500xg for 10 minutes, leukocyte 
layers were collected, alliquoted and stored in Tris-EDTA solution (1:1) 
at -20 oC for later use.
Ethical clearance was obtained from the Institutional Review Board 
of the Federal University of Juiz de Fora, Brazil (CEEA#03/2010).
Clinical examination: The dogs underwent a veterinary clinical 
examination and were classified according to MANCIANTI et al. 
(1988) in the following ways: symptomatic (cutaneous alterations, 
onychogryphosis, keratoconjunctivitis, hind-limb rigidity, etc); 
oligosymptomatic (lymphadenopathy, slight weight loss and/or hair 
opacity) and asymptomatic (absence of signs and symptoms referable 
to Leishmania sp infection).
Dual-Path Platform immunochromatographic test (TR DPP®): 
Occurrence of L. chagasi, similar to L. infantum infection (GRIMALDI 
et al., 2012) was investigated by means of an immunochromatographic 
test manufactured as Dual-Path Platform CVL rapid test (TR DPP® 
Leishmaniosis Visceral Canina, Bio-Manguinhos, Rio de Janeiro, 
Brazil). This kit uses recombinant specific agents for the diagnosis of L. 
infantum infection (GRIMALDI et al., 2012), and it is being approved 
to be used in the Brazilian VL control program (ALVES et al., 2012). 
This ready-to-use disposable device is based on the reaction of colloidal 
gold particles coupled with the protein A/G with the antigen bound to 
antibodies, which can be visualized after colored test band sample. To 
perform the exams, 5 µL of serum from each animal were used, and the 
results analyzed after 15 minutes. In addition to visual evaluation, the 
results were also considered to be “positive” only after being read using 
the DPP optical reader device provided by the manufacturer (DPPTM 
Reader, ChemBio Diagnostic Systems, Inc, Medford, NY, USA). Serum 
samples from VL-positive and negative animals were used as controls.
PCR diagnosis: DNA extractions from peripheral blood 
leukocytes were performed using the phenol-chloroform-isoamyl 
alcohol method, as was described before (SAMBROOK et al., 1989). 
DNA obtained from L. infantum (MHOM/BR/1974/PP75; WHO 
reference strain) cultivated in a laboratory was used as a positive 
control in the molecular techniques. The DNA samples were analyzed 
using the Nanodrop ND100 (Thermo Scientific, CA, USA) and the 
absorbance was measured at 260/280 nm for the assessment of nucleic 
acids purity. The concentration was adjusted to 250 ng/uL for those 
samples with highest concentration (SAMBROOK et al., 1989). 
Experiments for conventional PCR were made using the following 
primer sets: presence of L. infantum in canine samples was determined 
by RV1-RV2 marker (5’CTTTTCTGGTCCCGCGGGTAGG3’ and 
5’CCACCTGGCCTATTTTACACCA3’) (COLOMBO et al., 2011), 
which amplified a 145-bp product from the LT1 fragment of Leishmania 
donovani complex kDNA minicircles (RAVEL et al., 1995; LE 
FICHOUX et al., 1999; GOMES et al., 2007). The PCR conditions were 
as follows: an initial denaturation of five minutes at 94 °C, followed by 
30 cycles (30 seconds at 94 °C, 30 seconds at 60 °C, and 30 seconds 
at 72 °C) and a final extension of five minutes at 72 °C. To check the 
success of DNA extraction control protocol the course of extraction 
and check for PCR inhibitors, all canine samples were assayed using 
the GAPDH 4 assay 5’AGGCTGAGAACGGGAAACTT3’ and 
5’ATTAAGTTGGGGCAGGGACT3’ (KULLBERG et al., 2006), that 
amplified a 911-bp fragment of a canine glyceraldehyde-3-phosphate 
dehydrogenase. Reactions using the canine primer pair were run 
simultaneously in accordance with the same temperature protocol 
for the RV1-RV2 marker and in the same PCR machine. All positive 
PCR results for canine GAPDH confirmed the good quality of dog 
DNA extractions. After thermal cycling, the PCR products were 
electrophoresed in a 2% agarose gel and stained with ethidium bromide. 
The DNA fragments were visualized under UV illumination. The 
images were analyzed using a Mini Bis Gel Imager and Documentation 
(BioSystematics). Fragment sizes were estimated based on comparisons 
with a 100-bp ladder.
The LINJ31 primer set for a real-time PCR was designed using 
Primer Express® Software from Applied Biosystems and was based on 
the L. infantum hypothetical protein (partial mRNA; GeneBank accession 
number LinJ31.1310). The LINJ31 design is 5’CCGCGTGCCTGTCG3’ 
and 5’CCCACACAAGCGGGAACT3’, and the TaqMan probe, FAM 
dye-labeled, is 5’CCTCCTTGGACTTTGC3´ (COLOMBO et al., 
2011). The primer set had NFQ as a reporter quencher. Each PCR 
assay was performed by adding 5 µL of DNA template and 25 pmol 
of each primer, using a kit purchased from Promega (Go Taq Green 
Master Mix), and performed following the manufacturer’s instructions. 
For each amplification reaction, both negative (ultrapure water and a 
canine DNA sample negative for leishmaniasis) and positive (DNA 
extract from L. infantum promastigotes) controls were used. Real 
time amplification of DNA reactions was performed using the Applied 
Biosystems (ABI 7500 Real Time PCR System) at a final volume of 
20 µL as described before (COLOMBO et al., 2011). Reactions were 
previously standardized using serial promastigote DNA dilutions as 
templates. The cycle threshold (CT) value was indicative of the amount 
of the target gene.
Statistical analysis: Statistical tests were carried out at a 5% 
significance level (p < 0.05, CI 95%) and comparative analysis of 
positivity between the clinical groups was performed using Pearson’s 
χ2 test.
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RESULTS AND DISCUSSION
According to the DPP® immunochromatographic test, fifteen (3.8%) 
of the 400 dogs investigated were CVL seropositive (Table 1). Although 
there have been reports of the occurrence of cases of autochthonous CVL 
in Juiz de Fora in 2008, the present work is the first seroepidemiologic 
survey concerning this disease ever performed in the municipality. 
However, it is not possible to be sure whether the CVL cases are 
autochthonous or not, since the study was carried out in dogs housed at 
a municipal kennel, meaning there is no background information.
Immunocromatographic tests using recombinant antigen have 
been cited by several authors for both human VL and CVL diagnosis 
(SUNDAR et al., 1998; ASSIS et al., 2008; DE LIMA et al., 2010; 
SRIVASTAVA et al., 2011, ROSYPAL et al., 2013). In Brazil, DPP 
assay was established as the screening test for CVL diagnosis in 
March 2012 (SIPAR- MS #25000. 227.865/20011-11). Despite being 
an innovative, easy-to-use assay, in some cases we noticed a faint 
band, which is difficult to be discriminated through visual evaluation 
only. This fact was also reported by GRIMALDI et al. (2012). So, 
we decided to use a DPP optical reader device whenever there was a 
dubiety in the results.
Table 1 concerns clinical signs among the total number of samples 
(n = 400), most (89.5%) were classified as attributed to CVL. However, 
in some cases (n = 42) the dogs could not be examined, either because 
they died, fled from the kennel, or were donated during this study. Of the 
clinical signs that were analyzed among the remaining 358 samples, the 
total number (100.0%) was classified as attributed to CVL. Indeed, 45 dogs 
(12.5%) presented symptoms compatible with L. infantum infection, 78 
(21.8%) were oligosymptomatic and 235 (65.6%) were asymptomatic 
(p < 0.05). Onychogryphosis was the most common symptom observed 
(12.6%) (data not shown). Among the 15 DPP seropositive dogs, eight were 
considered asymptomatic, five oligosymptomatic and two symptomatic. 
However, there was no statistically significant difference between the DPP 
seropositive dogs and the clinical signs of the disease (p > 0.05).
GRIMALDI et al. (2012), using the same immunochromatographic 
test, observed that its sensitivity was significantly higher in animals with 
signs of CVL. According to ALVES et al. (2012), the sensitivity and 
specificity indices of DPP remained high, regardless of the inclusion or 
exclusion of the animals infected by Trypanosoma caninum. These findings 
highlight the practical use of this test as an alternative for CVL diagnosis.
Additionally, conventional and/or real time PCR assay was performed 
only in DPP seropositive dogs. Among the twelve DPP seropositive 
dogs which remained alive during the follow-up period, nine (75.0%) 
were positive in the PCR analysis (Table 1 and Figure 1), suggesting 
the real occurrence of CVL in the municipality of Juiz de Fora. Indeed, 
PCR has the advantage of being a reliable technique for determining 
the presence of the parasite not only in active CVL, but also within 
asymptomatic dogs (QUEIROZ et al., 2010). It is interesting to note that 
of the eight asymptomatic dogs found positive in the DPP assay, seven 
were confirmed by PCR analysis (Table 1).
Epidemiological studies on the occurrence of CVL in kennel dogs 
have been conducted in several parts of the world (CABEZON et al., 
2010; BALDELLI et al., 2011; TÁNCZOS et al., 2012). Although 
kennels are not considered to be good epidemiological observatories 
in non-endemic areas, since they shelter abandoned dogs from all areas 
of the municipalities, on the other hand, kennel dogs can be considered 
important sentinels of some diseases, due to the risk of being exposed 
to pathogens and to not receiving any preventive or curative treatment 
during the free roaming period (CABEZON et al., 2010).
This is the first study of CVL caused by L. infantum held in the city 
of Juiz de Fora, and the results showed the prevalence of infected dogs, 
regardless of whether the CVL cases found were autochthonous or not. 
Furthermore, these results reinforce the idea that this disease is in the 
process of spreading and urbanizing in Brazil. Finally, our findings point 
to the need for active epidemiological surveillance in various regions of 
the country, including cities considered free areas for CVL, and confirm 
the DPP technology as a breakthrough in the detection of positive dogs 
in these areas.
RESUMO
Evidência de infecção por Leishmania (Leishmania) infantum em 
cães de Juiz de Fora, Minas Gerais, Brasil, detectada pelo teste 
imunocromatográfico rápido DPP e PCR
No Brasil, cães domésticos são considerados como os principais 
Table 1
Comparative results obtained by TR DPP® (DPP) and/or conventional plus real 
time PCR assays for detection of Leishmania infantum in clinical samples from 
dogs housed in the public kennel of Juiz de Fora, Minas Gerais State (Brazil) 
in 2012.






Symptomatic 45 (12.5)a 2 (4.4)a 1 (2.2)
Oligosymptomatic 78 (21.8)b 5 (6.4)a 1 (1.3)
Asymptomatic 235 (65.6)c 8 (3.4)a 7 (3.0)
No Classified 42 (10.5)a 0 (0.0) 0 (0.0)
Total 400 (100.0) 15 (3.8) 9 (2.3)*
n: number of dogs; TR DPP®: Rapid Test Dual Path Platform; PCR: Leishmania 
infantum DNA detection by conventional and/or real time polymerase chain 
reaction; *PCR was run with twelve DPP positive samples. a, b, c: equal letters 
mean positivity indexes that are statistically similar; Chi-square test (significant 
at p < 0.05).
Fig. 1 - The electrophoresis 2% agarose gel shows the 145-bp products amplified by the 
RV1/RV2 marker which is specific to a region of kDNA minicircles from the L. donovani 
complex. Lane 1 - Negative control; Lanes 2 to 10 - DNA samples extracted from DPP TR® 
positive dogs, 55, 180, 200, 209, 221, 222, 232, 261 and 339; Lane 11 - DNA from L. (L.) 
infantum (MHOM/BR/1974/PP75; WHO reference strain); MM - standard molecular size 
of 100-bp ladder.
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reservatórios da leishmaniose visceral zoonótica, devido à clara 
correlação positiva existente entre as curvas de infecção humana e 
canina. Este estudo objetivou a realização de um inquérito sorológico 
da leishmaniose visceral canina (LVC) em cães abrigados em um canil 
público de Juiz de Fora, Minas Gerais, Brasil, através do teste rápido 
imunocromatográfico TR DPP®. Adicionalmente, a PCR convencional 
e/ou em tempo real foi usada para detectar/confirmar a infecção por L. 
infantum apenas nos animais DPP positivos. Dos 400 cães estudados, a 
maioria não apresentou sinais clínicos para a LVC (p < 0,05) e quinze 
(3,8%) foram sororreativos ao DPP. Não houve diferença estatisticamente 
significativa entre os cães com DPP positivo e os sinais clínicos para 
a doença (p > 0,05). PCR convencional e em tempo real confirmaram 
a infecção por L. infantum em nove (75,0%) dos doze animais DPP 
positivos que permaneceram vivos durante o estudo. Este é o primeiro 
estudo soroepidemiológico sobre LVC realizado no município de Juiz 
de Fora, e os resultados reforçam a idéia de que esta doença está em 
processo de expansão e urbanização no Brasil. Além disto, este estudo 
destaca o uso do DPP como uma alternativa para o diagnóstico da LVC 
em cidades de médio e grande porte, devido à facilidade de execução. 
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